In this study, the adsorption performances of PRLMR and IDLMR for methyl anthranilate from aqueous solution were studied by adsorption thermodynamics and adsorption kinetics. The effect of methanol addition on the adsorption was also investigated. The results indicated that the modified resins possessed good adsorption capacities for methyl anthranilate, while IDLMR possessed much larger adsorption capacity for the adsorbate. The equilibrium data were correlated by both Langmuir and Freundlich models. The adsorption capacity decreased as 1% methanol added into the methyl anthranilate solution. The kinetic experiments showed that the adsorption process was in accordance with the pseudo-first-order rate equation, and the value of pseudo-first-order rate constant k at 303K was larger than that at 288K, which suggested that the IDLMR possessed much faster adsorption rate for methyl anthranilate from aqueous solution at 303K. 
INTRODUCTION
Methyl anthranilate (MA), a naturally occurring compound, widely utilized in the industry, is present in a variety of flowers and fruits and is widely utilized in different fields of the industry [1, 2] . At present, in industrial manufacturing, preparation of MA has two kind of methods predominantly, phthalic anhydride amidation degradation and o-nitrobenzoate reduction esterification. There are many ways to deal with the toxic and organic wastewater in the chemical industry. Relatively, the method of resin adsorption is better than the others [3, 4] . Adsorption resin has high selectivity, superior mechanical strength, good reusability and so on. While widely used in the treatment of wastewater containing organic compounds, the method of resin adsorption can also be recycled resources. Especially when the pollutants are relatively simple, the cost of wastewater treatment is greatly reduced.
In this study, 2-pyrrolidone and 2-imidazolidinone were employed as the modifier to synthesize the hyper-cross-linked resins. Through the static adsorption experiment and the adsorption kinetics experiment, the adsorption properties of the modified resins for MA in aqueous solution were studied. The discussion of adsorption isotherms, adsorption thermodynamics and adsorption kinetics was elucidated adsorption mechanism of chemically modified resins for MA. Effect of the addition of methanol in solution on adsorption of MA by the resins was also investigated.
EXPERIMENTAL SECTION

Materials and Apparatus
MA, methanol, 2-pyrrolidone and 2-imidazolidinonewere all analytical reagent, which were purchased from National Drug Reagent Co. LTD. Anhydrous aluminum chloride was analytical reagent and all chemicals were used without further purification.
Large capacity thermostatic oscillator (DHZ-DA, Jiangsu Taicang Bolette Instrument Factory, China); Fully automatic specific surface area and apertureanalyzer (Quadrasorb evo, Quantachrome, USA); High performance liquid chromatography (ULTIMATE 3000, Thermo-Fisher, USA); Fourier transform infrared spectrometer (VERTEX 80/RamanⅡ, Bruker, Germany).
Synthesis of The Heterocyclic Compounds Modified Hyper-cross-linked Resins
Preparation of chloromethylated macroporous polystyrene-divinylbenzene using modifier according to reference [2] .The hypercrosslinked adsorption resins were under drying for 6h at 333k.
Characterization of The Resins
The pore structure of themodified resins was characterized by Fully automatic specific surface area and aperture analyzer (Quadrasorb evo, Quantachrome, USA); The Fourier transform infrared (FT-IR)spectra of the resins were collected by the FT-IR spectrometer (VERTEX 80/Raman II, Bruker, Germany).
Static Equilibrium Adsorption
0.100 g of PDLMR and IDLMR was accurately weighed and poured into a 250 ml conical flask, respectively. 50 mL of deionized water was added after wetting with a small amount of methanol, then shake the conical flask and set aside. The water filtered as all the resin sink in the bottom of the bottle. 100 mL of MAaqueous solution with initial concentration of 100mg/L, 200mg/L, 300mg/L, 400mg/L, 500mg/Lwas added respectively. Then the temperature of the thermostat oscillator was set at 288K, 303K, 318K, 288K * (318K backto 288K), and the conical flask placed in it, whose speed set at 130r/min. Through 24 h of shaking, the adsorption reached equilibrium, and 1 mL of the solution was withdrawn with a 2.5 mL injector. The equilibrium concentration Ce was analyzed by HPLC.
The equilibrium adsorption amount of each resin can be calculated by the following equation:
Where Qe is the equilibrium adsorption capacity (mg/g), C0 and Ce are the initial and equilibrium concentration (mg/L), respectively. V is the liquid phase volume (L) and W is the mass of resins (g).
Adsorption kinetics
0.100g PRLMR was placed into 250mL mill Erlenmeyer flask, and mixed with 300mg/L of MA aqueous solution 100mL. Then the mill Erlenmeyer flask placed in a thermostatic oscillator, whose speed was set at 130r/min, and the temperature was 288K and 303K.Samples were taken at different times to determine the concentration of MA until the adsorption equilibrium, and the capacity at contact time t can be calculated as:
Where Qt is the adsorption capacity (mg/g) at time t, C0 is the concentration of the initial MA solution, Ct is the MA concentration (mg /mL) at time t, V is the liquid phase volume (L) and W is the mass of resins (g).
The Effect of Adding Methanol
10 mL of methanol was added in the MA aqueous solution, and volume to 1000mL, configured to100mg/L, 200mg/L, 300mg/L, 400mg/L, 500mg/L of MA solution containing 1% methanol. The remaining steps are the same as equilibrium adsorption experiments.
RESULTS AND DISCUSSION
Characterization of The Modified Hyper-cross-linked Resins.
The FT-IR spectra of the modified resins indicated that the modified resins have characteristic functional groups of N-H and C=O, an absorption peak of N-H bond at 3100 cm-1, a characteristic absorption peak of C=O at 1900-1600 cm-1.The results of the figures were further proved that the modified hyper-cross-linked resins has been successfully obtained. Table I shows the basic surface parameters of the resins. Compared with PRLMR, IDLMR has higher specific surface area, microporous area and microporous volume.
Adsorption Isotherms
The adsorption isotherms of MA on PRLMR and IDLMR at different temperatures were presented in Figure 2 and Figure 3 . It is obvious that the adsorption capacity of MA on IDLMR is greater than that on PRLMR. The adsorption rate ofPRLMR is 70.4%, while that of IDLMR is as high as 84.1%.
The result is mainly due to the specific surface area, microporous area and microporous volume of the IDLMR, which is larger than the PRLMR and possessed a suitable average pore size.
From the Figure1 and Figure2, when the temperature increases from 288K to 303K, the adsorption capacity of MA by PRLMR and IDLMR both decreases, which indicates that the main adsorption of the process is physical adsorption. The physical adsorption is weakened by the temperature increasing, which is unfavorable to the physical adsorption [5] . When the temperature increases from 303K to 318K, the adsorption capacity Qeincreases, elucidating that chemical adsorption can be existed. The increase of chemical adsorption capacity was larger than the decrease of physical adsorption capacity. Finally, the temperature was returned from 318K to 288K, the adsorption amount Qeincreases again, indicating that a significant irreversible chemisorption was existed. Another conclusion that the amount of adsorption increases with the increment of concentration of the solution indicates that increasing solution concentration is conducive to resin adsorption.
The static equilibrium adsorption data was fitted by the Langmuir and Freundlich model [6, 7] . The adsorption isotherms of MA onto IDLMR fitted with the Langmuir and Freundlich models (R2> 0.98), while the adsorption isotherms of PRLMR for MA only fitted the Langmuir model. n and KF in Freundlich equation can be seen as a manifestation of favorable adsorption and adsorption capacity [8] . The TableII shows the values of n are greater than 1, indicating that the modified resins for the adsorption of MA are favorable. The value of KF also shows that the adsorption capacity of IDLMR greater than that of PRLMR. In addition, it can also be elucidated that the value of KF decreased with the increment of the temperature, suggesting that the increase of temperature is unfavourable for the adsorption, which further confirmed the adsorption of MA by PRLMR and IDLMR were physical adsorption predominantly.
Adsorption Thermodynamics
Under different temperature conditions, the adsorption capacity will be stable at a certain value. The enthalpy change of adsorption based on the specific adsorption is called the Isosteric adsorption enthalpy change. Isostericadsorption enthalpy change (ΔH) was determined from the slope of plotting lnCe versus 1/T according to the Clausius-Clapeyron equation [9] .
Thermodynamic parameters are essential to evaluate the adsorption process since they provide in-depth information on inherent energetic changes [10] . The Gibbs free energy (ΔG), enthalpy (ΔH), and entropy changes (ΔS) were obtained by theGibbs equation and Gibbs-Helmholz equation [11] .The values of thermodynamic Parameters are given in TableIII. Adsorption enthalpy change (ΔH) is negative, indicating that the adsorption process is an exothermic process [12] , and reducing the temperature is conducive to the adsorption process, which is a typical physical adsorption process.ΔG> 0 suggests that the reaction of MA on the resins is nonspontaneous. ΔS <0implies that the adsorption is a process of entropy reduction and the whole system is more ordered after the adsorption [13] .With the increment of temperature, the absolute value of ΔS decreases, which is often related to the resin surface heterogeneity and molecules of adsorbate in the resin surfacedistribution and local motion [14] . In addition, the adsorption of MA on the two resins is predominantly physical adsorption can also be proved by the absolute value of ΔH is less than 42kJ / mol. 
Adsorption Kinetics
Adsorption of MA from aqueous solution on IDLMR kinetics curve was showed in Figure 3 . The adsorption curve increases sharply in the first 100min at 303K, and tends to be flat after 360 min. The overall adsorption rate at 313Kis greater than that at 303K and tends to be flat after 250min. Within 480min, adsorption of MA from aqueous solution on IDLMR reached equilibrium.
In this work, the pseudo-first-order model and the pseudo-second-order model were employed to describe the adsorption kinetic behavior of MA from aqueous solution onto the modified resins [15] .
The equation of pseudo-first-order kinetic:
The equation of pseudo-second-order kinetic:
WhereQt is the amount of adsorbate adsorbed at time t (mg g-1) and Qe(mg/g) is the amount of the equilibrium adsorption. K1 is the rate constant ofpseudo-firstorder model (min-1). The Qe and K1 values were calculated by plottingln(Qe-Qt) against t, K2 is the rate constant of pseudo-second-order model (g mg-1 min-1). Thevalue of K2 was obtained by plotting t/Qtversus t.
Adsorption kinetic parameters of MA on IDLMR from aqueous solution were presented in TableIV. The correlation coefficient (R2) of the peseud-first-order equation is much larger than that of the second-order equation, which indicates that the peseud-first-order kinetic adsorption equation is fitted better. The value of k1 shows that the adsorption rate at 303K is much faster than that at 288K. According to the Dumwald-Wagner kinetic theory, liquid film diffusion and intraparticle diffusion can control the adsorption rate individually, and both liquid film diffusion and intra particle diffusion can also affect the adsorption rate [16, 17] . There is a good linear relationship about ln (Qe-Qt) with t can be seen from the TableIV, suggesting that the controlling step in the adsorption process is the intra particle diffusion process primarily.
The Effect of Adding Methanol
Adsorption isotherms of MA from aqueous solution by PRLMR and IDLMR at different temperatures on the addition of methanol were shown in Figure4 and Figure5. With the increase of temperature, the adsorption amount Qe of the modified resin changed the same as that of the non-methanol. Therefore, the addition of methanol did not change the adsorption process.
Adsorption Isotherms on the modified resins for MA with and withoutMethanol were presented in Figure6and Figure7 . The adsorption of MA by PRLMR and IDLMR slightly decreased after adding methanol.After adding methanol, the adsorption capacity of PRLMR was 66.2% and the adsorption capacity of IDLMR was 82.4%, which was lower than that without methanol. The solubility of MA in methanol was greater than that in water, which probably results in a decrease in the content of MA dissolved in water. 
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CONCLUSIONS
The adsorption capacity of MA from aqueous solution onto the resins modified by heterocyclic compounds increased with the increment of the concentration of MA. The main adsorption process was physical adsorption, and the increase of temperature was not conducive to the adsorption. Adsorption of MA in aqueous solution on IDLMR was both correlated with Langmuir equation and Freundlich equation, and the adsorption capacity can reach 84.1%, while that of PRLMR was 70.4%. Adsorption of methyl anthranilate on resin decreased with the addition of 1%methanol. Thermodynamic studies elucidates that the adsorptionof MA by PRLMR and IDLMR was a non-spontaneous exothermic process with ΔS <0 during the reaction. The adsorption process accorded with peseud-first-order kinetic equation. The adsorption rate of MA on the resins at 303 K was higher than that at 288 K.
